The presence of repetitive DNA sequences viz., short tandemly repeated repetitive (STRR) and highly iterated palindrome (HIP), in the cyanobacterial genome were used to generate a PCR-based fingerprint pattern of nine cyanobacterial cultures (both stress tolerant and non-tolerant), belonging to the genus Westiellopsis. By this method it was possible to generate distinguishing fingerprint patterns for all the isolates and cluster isolates with similar stress tolerance properties. This study reveals the utility of repetitive DNA sequences in the cyanobacterial genome, for differentiation of Westiellopsis cultures and clustering strains that posses similar stress tolerance properties.
Introduction
Cyanobacteria are a group of photosynthetic prokaryotes that have colonized the surface of Earth for nearly 3 billion years and are considered the predecessors of modern day chloroplasts (Haselkorn 1978) . The variability in their physiological, morphological and developmental characteristics make them one of the largest group of photosynthetic prokaryotes on this planet (Komarek 1991) . While current cyanobacterial taxonomy is based primarily on morphological features, it has been observed that the morphology of microbes in laboratory cultures is often considerably altered from the original morphology of the environmental isolates (Ward et al. 1990 ). Analysis of photosynthetic pigments, isozyme variations or differentiated cell cultures may also be misleading because of the variable expression of cyanobacterial gene products (Rippka et al. 1979) . Such constraints imposed by conventional methods may be overcome to a great extent by the use of molecular tools. The PCR technology and subsequent modifications of this basic procedure have allowed numerous assays for detecting variations at the nucleotide level which have a significant impact in almost all areas of modern biology. With advancements in molecular biology and bioinformatics, it is possible to mine the genome of an organism for the presence of unique sequences that can be used for distinguishing a particular group of microorganism from its close relatives.
The prokaryotic genome has been known to have a number of repetitive sequences. The Repetitive Extragenic Palindromic (REP) and Enterobacterial Repetitive Intergenic Consensus (ERIC) sequences were originally described for members of the genus Enterobacteriaceae (Versalovic et al. 1991) , but were later reported in several Gram-negative bacteria and close relatives within the same phyla (Rivera et al. 1995) . Similarly the presence of a repetitive sequences called the BOX elements were reported in the Gram-positive bacterium Streptococcus pneumoniae by Martin et al. (1992) . The conserved status of these repetitive sequences have made them ideal tools for biodiversity studies, and have spawned a new PCR-based technique called the rep-PCR technique which utilizes the oligonucleotidederived repetitive sequences present in bacterial strains for distinguishing between closely related members of the same genus. The use of rep-PCR has been highly successful in differentiating members of the several eubacterial genera (Georghiou et al. 1994; Rodriguez et al. 1995; Laguerre et al. 1996) .
In cyanobacteria a set of specific repetitive sequences called Short Tandemly Repeated Repetitive (STRR) were detected in heterocystous strains (Mazel et al. 1990 ). In addition to STRR sequences Long Tandemly Repeated Repetitive (LTRR) sequences were detected in the cyanobacterium Anabaena (Masepohl et al. 1996) . It has been postulated that these repetitive sequences might be the target of specific DNA-binding proteins responsible for chromosome condensation or ' Smith et al. (1998) they might be involved in the control of chromosome distribution and replication during heterocyst differentiation. Ever since their discovery, STRR sequences have been widely used to differentiate between environmental cyanobacterial isolates. Rouhianen et al. (1995) were able to detect the presence of toxin-producing strains of cyanobacteria using STRR sequences, while Rasmussen & Svenning (1998) observed higher diversity and distinct clustering among several free-living cyanobacteria. STRR sequences have also been used to differentiate between the Nostoc symbiont of Gunnera magellanica and Gunnera tinctoria (Guevara et al. 2002) . A modified STRR primer viz., STRR mod based on the consensus sequence was synthesized by Zheng et al. (2002) who reported the utility of this primer in differentiating symbiotic cyanobacteria from cycad roots. Another repetitive eight base sequence (5'GC-GATCGC3'), referred to as the Highly Iterated Palindrome (HIP1), which is uniquely and largely overrepresented in cyanobacterial genome, was first identified at the borders of a gene deletion in a cadmiumtolerant strain of Synecococcus PCC 6301 (Gupta et al. 1993) . While there are no comparable sequences to HIP1 in other organisms, the reasons for the overrepresentation of HIP1 is unknown. It is hypothesized that it may be a recombination hotspot. The HIP1 sequence has been known to occur only in cyanobacteria and can also be used to fingerprint organisms (Smith et al. 1998) .
The genus Westiellopsis is a true branching cyanobacterium belonging to the order Stigonematales. Members of this subsection exhibit high degree of morphological complexity and the high variability of the morphotyopes in nature is usually under-represented in culture (Gugger & Hoffman 2004) . The habitats of the genus Westiellopsis include freshwater and sub-aerial biotopes such as acidic oligotrophic lakes or caves. Its utility as a possible source of a mosquitocidal toxin (Rao et al. 1999 ) and as a biofertilizer for acid soils (Gopalaswamy et al. 2000) have been well documented. It is a hardy stress tolerant genus and is widespread in acidic paddy soils of India (Tamilselvam et al. 2001) . While STRR and HIP sequences have been used to fingerprint a variety of cyanobacterial genera, the presence of these sequences in the genus Westiellopsis has largely remained unknown.
The aim of the present investigation was to fingerprint members of the genus Westiellopsis based on the repetitive DNA sequences, and to explore the possibility of using the fingerprint data to cluster cultures that shared similar stress tolerance properties.
Material and methods
Six stress tolerant cyanobacterial cultures viz., Westiellopsis -AT-TGK-4A2, Westiellopsis -AT-TGK-4A7, Westiellopsis -AT-TGK-5B2, Westiellopsis -HT-SGK-1, Westiellopsis -HT-SGK-2, Westiellopsis -PA-SK-ST-3, and three non tolerant cultures viz., Westiellopsis -NSG22, Westiellopsis -ARM 48, Westiellopsis prolifica -ARM 906, were used for the study. The cultures Westiellopsis-AT-TGK-4A2 and Westiellopsis -AT-TGK-4A7 could tolerate acidic pH levels of 4, while the culture Westiellopsis -AT-TGK-5B2 grew uninhibited at pH 5 . The herbicide-tolerant cultures Westiellopsis -HT-SGK-1 and Westiellopsis -HT-SGK-2 could tolerate butachlor [N-(butoxymethyl)-2-chloro-2,6-diethyl acetanilide] levels of 9 and 12 mg/L, respectively (Selvakumar et al. 2002) , while the culture Westiellopsis -PA-SK-ST-3 was tolerant to NaCl levels of 500 mg/L (Sudarshan 2001) . No significant cross tolerance was observed among the cultures. The three non tolerant cultures did not posses any stress tolerance properties under in vitro conditions. A reference culture Anabaena PCC 7120 was included for comparison purposes. The stress-tolerant cultures, the culture designated as NSG 22 and the Anabaena culture were obtained from the culture collection maintained in the Azolla Laboratory, Tamil Nadu Agricultural University, Coimbatore, India. The cultures designated as ARM were obtained from Centre for Conservation and Utilization of Blue Green Algae (CCUBGA), New Delhi, India. All the cultures were grown in BG-11 medium under 3000 lux light intensity at 28 ± 1 • C in a 16/8 h day night cycle for a period of 21 days and harvested for the extraction of genomic DNA.
The genomic DNA was isolated following the procedure of Melody (1997) , in a slight deviation from the original protocol; the cell pellet was ground in the presence of CTAB buffer in a sterile pestle and mortar. This strategy was helpful in avoiding the complete freezing and the subsequent hardening of the cell biomass during the grinding process. Quantification of DNA was done as per the methodology of Brunk et al. (1979) using Hoechst 33258 dye, and calf thymus standard DNA in a flourimeter (Hoefer DyNA quant 200). Agarose gel electrophoresis was performed on a 0.8% gel as described by Sambrook et al. (1989) to check the quality of DNA The gel was stained with ethidium bromide and visualized under a UV illuminator (Alpha Ease FC TM ).The extracted DNA was diluted and PCR amplification was carried out in a thermal cycler (Eppendorf Master Cycler). The sequences of different STRR and HIP primers used for the study are listed in • C. Gel electrophoresis was performed on a 1.5% agarose gel to visualize the amplified products along with a 100 bp plus gene ruler (Bangalore Genei, India). The gel was stained with ethidium bromide and visualized under a UV illuminator. The gels were documented using a documentation and analysis system (Alpha Imager TM 1200). The presence or absence of distinct and reproducible bands in each of the individual PCR profiles was converted into binary data, and the pooled binary data was used to construct a composite dendrogram. The software NTSYS-pc, version 1.80 (Rohlf 1995) was used to calculate the Jaccard distance index (Jaccard 1908 ) and construct the dendrogram using the Unweighted Pair-Group Method with Arithmetic Average (UPGMA).
Results
In the present investigation repetitive sequences in the cyanobacterial genome were used to generate fingerprints of stress tolerant and non tolerant cultures of the genus Westiellopsis. In general irrespective of the primers used, the salt tolerant cyanobacterial culture Westiellopsis -PA-SK-ST3 and the reference culture Anabaena PCC 7120 produced unique banding patterns. A total of 36 amplified products with sizes ranging from 700-2000 bp were obtained by using the primer STRR 1A (Figure 1a) . The acid tolerant culture Westiellopsis AT-TGK-4A2 and the herbicide tolerant culture Westiellopsis HT-SGK-2 produced the maximum number of amplified fragments with this primer. The primer STRR spl gave total of 41 amplified products (Figure 1b ) with amplicon sizes ranging from the 100-3000 bp. The highest number of amplified products was observed in the acid tolerant cyanobacterial culture Westiellopsis AT-TGK-4A2 and the reference cultures Westiellopsis ARM 48 and Westiellopsis -ARM 906. The saline tolerant cyanobacterial culture Westiellopsis -PA-SK-ST3 failed to produce any amplification with the primer STRR spl. The primer STRR mod produced amplicons ranging from 100-3000bp.
The HIP primers used in the study were decamers with a common consensus sequence (5'GCGATCGC3') followed by a two-base tail of either AT/TG/GC/TC. The molecular weight of the amplified products ranged from 100 to 2000 bp for the primer HIP TG (Figure 2a ) and 150 to 3000 bp for the primer HIP AT (Figure 2b) . The primer HIP TG produced a total of 43 amplified products, and the maximum amplification was observed in the acid tolerant cyanobacterial culture Westiellopsis AT-TGK-4A7. Fifty amplified fragments were obtained with the primer HIP AT, wherein the highest number of amplified fragments was obtained with the culture Westiellopsis -ARM48. Clustering of the PCR profiles revealed that there were five major similarity groups (Figure 3) . While the members of the genus Westiellopsis formed four major clusters, the culture Anabaena PCC 7120 formed a distinct cluster. The three acid tolerant members of the genus Westiellopsis formed the first cluster. The cultures Westiellopsis -AT-TGK-4A2, Westiellopsis -AT-TGK-4A7 were found to share 71% similarity, while the culture Westiellopsis -AT-TGK-5B2 shared 55% similarity with both Westiellopsis -AT-TGK-4A2 and Westiellopsis -AT-TGK-4A7. The two herbicide tolerant cultures viz., Westiellopsis -HT-SGK-1 and Westiellopsis -HT-SGK-2 formed a separate similarity cluster with around 55% similarity among themselves, and were found to share 40% similarity with the acid tolerant cyanobacterial isolates. The salt tolerant cyanobacterial culture Westiellopsis -PA-SK-ST-3 formed a separate cluster and was found to be distinct from the acid tolerant and herbicide tolerant cyanobacterial isolates. The three non stress tolerant isolates viz., Westiellopsis -NSG22, Westiellopsis -ARM48, Westiellopsis prolific -ARM 906 formed the fourth cluster and were found to be distinct from the stress tolerant isolates, and had little similarity among themselves.
Discussion
The discovery of repetitive sequences in microbes has added a new dimension in the study of genetic relatedness within and among various groups of microbes. Genomic fingerprints with REP, ERIC and BOX primers have been mostly used for the intra specific comparisons of bacteria (Versalovic et al. 1994; Katayama et al. 2002) . The discovery of repetitive sequences, unique to cyanobacteria, has allowed the extrapolation of this technique in cyanobacterial diversity studies. The results of Rasmussen & Svenning (1998) were the first indications that repeat sequences present in the cyanobacterial genome such as the LTRR and ERIC sequences are useful in differentiating closely related members of the same genus. The use of STRR primers has allowed the distinguishing of geographically distinct cyanobacterial symbionts of the host plant Gunnera (Nilsson et al. 2000) . The STRR primers used in the present investigation generated unique fingerprint patterns for individual cultures within the genus Westiellopsis, which differed in their stress tolerance properties and geographical origin. Besides, the fingerprint pattern of the Anabaena strain used in this study was entirely different from the Westiellopsis cultures, which reflects the usefulness of this technique in inter-generic comparisons.
The HIP primers used in this investigation were constructed on the basis of a frequently occurring octapalindromic sequence in the cyanobacterial genome, which permits the amplification of the DNA between adjacent repeated HIP sequences. The utility of HIP sequences in differentiating members of Anabaena has been reported earlier (Prasanna et al. 2006) . In a further modification of this method Shalini et al. (2007) used a combination of HIP and random primer sets to generate fingerprint patterns of the cyanobacterium Calothrix. Their results suggested that the combination of HIP CA and HIP TG primers generated a higher level of polymorphism than a single random primer. The results of the present investigation further reinforce the utility of the HIP primers in distinguishing member within the same genus.
A unique feature of this investigation is the clustering of cyanobacterial cultures with similar stress tolerance properties, using the rep-PCR fingerprint pattern. This genetic relatedness could be attributed to their geographical backgrounds. While the acid tolerant cyanobacterial cultures used in the study were isolated from acidic soils (pH 4-5) (Tamilselvam et al. 2001) , the herbicide tolerant cultures were isolated from soils continuously applied with herbicides over a period of time (Selvakumar et al. 2001) . The salt tolerant culture was isolated from the saline tracts of a different geographical location (Amsaveni 1995) and was hence quite distinct from the other stress tolerant cultures. The non tolerant cultures that were used in this investigation were from different environments and were easily distinguishable from the stress tolerant cultures. Earlier attempts on use of rep-PCR profiles to cluster geographically distinct cyanobacterial isolates have relied on a limited number of primers, but we have used a combination of three STRR and four HIP rep-PCR profiles, that considered 96 allelic positions for dendrogram construction. This has greatly facilitated the grouping of the cultures into meaningful clusters. The correlation between the stress tolerant nature and the utility of rep-PCR amplification of cyanobacteria is a researchable issue. From the results, it is evident that the repetitive sequences in the genome of the cyanobacterium Westiellopsis facilitate the differentiation of various members of this genus. A unique feature of this study is the use the rep-PCR profiles in clustering of strains of the same genus which differ in their stress tolerance properties. To the best of our knowledge this is the first report on the presence of repetitive sequences in the genome of the cyanobacterium Westiellopsis, and the rep-PCR profiles in generating genetic clusters based on identical stress tolerant properties.
